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(54) Abnormality detection apparatus for an exhaust gas recirculation apparatus 



(57) An apparatus for detecting abnormality of an 
EGR apparatus. An ECU 42 feedback controls the 
opening degree of an EGR valve 34 such that an actual 
intake air amount matches a target intake air amount 
that corresponds to the running state of an engine 11 . 
When a feedback term of the feedback control is outside 



a relatively widely range, the ECU 42 alters the opening 
degree of a throttle valve 24 in order to check for an 
abnormality in an EGR apparatus 32. If the amount of 
change of the feedback term is less than or equal to a 
predetermined value after the alteration of the opening 
degree of the throttle valve 24, the ECU 42 determines 
that the EGR apparatus 32 is abnormal. 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 239 142 A2 



2 



Description 

[0001] The present invention relates to an abnormal- 
ity detection apparatus that detects whether abnormal- 
ities exist in an exhaust gas recirculation apparatus pro- 
vided in an internal combustion engine. 
[0002] In the prior art, there is a known vehicle-mount- 
ed engine that is provided with an exhaust gas recircu- 
lation (EGR) apparatus for recirculating a portion of ex- 
haust gas in an intake passage in order to improve ex- 
haust gas emissions. An EGR apparatus has an EGR 
passage, which connects an intake passage with an ex- 
haust passage of the engine, and an EGR valve, which 
is arranged in the EGR passage. By adjusting the open- 
ing degree of the EGR valve, the EGR apparatus adjusts 
the amount of exhaust gas (EGR amount) recirculated 
from the exhaust passage to the intake passage via the 
EGR passage. When a portion of the exhaust gas is re- 
turned to the intake passage, the combustion tempera- 
ture inside the combustion chamber is lowered by the 
returned exhaust gas and the generation of nitrogen ox- 
ides (NOx) is suppressed, thus improving the exhaust 
emissions. 

[0003] If an abnormality occurs in the EGR apparatus, 
the exhaust emissions deteriorate. For example, if the 
movement of the EGR valve becomes slow, or if the 
EGR valve becomes stuck and does not function, or if 
the EGR passage becomes clogged by foreign matter 
or carbides in the exhaust gas, the EGR amount devi- 
ates from a target value, which is set at an optimal value 
in accordance with the operation state of the engine. In 
this case, the combustion state deteriorates and NOx 
generation increases. Therefore, an apparatus for de- 
tecting an abnormality in the EGR apparatus has been 
proposed. 

[0004] A conventional abnormality detection appara- 
tus is disclosed in Japanese Patent Laid-Open Publica- 
tion No. 8-86248. When the condition for executing idle 
speed control and the condition for starting self diagno- 
sis are both met, the abnormality detection apparatus 
controls the EGR valve such that the actual EGR open- 
ing degree matches the target EGR opening degree. In 
addition, the abnormality detection apparatus controls 
the duty ratio of the idle speed control signals (ISC ratio) 
such that the engine speed matches the target engine 
speed. When the engine speed matches the target en- 
gine speed, the abnormality detection apparatus deter- 
mines the deviation between the current value of the ISC 
ratio and the target value. Using this deviation, the ab- 
normality detection apparatus then determines a cor- 
rected target opening degree for the EGR valve 34 from 
an EGR target opening degree correction table. If the 
corrected target opening degree exceeds a threshold 
value over a predetermined reference time, the abnor- 
mality detection apparatus determines that the EGR ap- 
paratus is abnormal. 

[0005] However, in a conventional abnormality detec- 
tion apparatus, the various processings for abnormality 



detection are performed when the engine is idling and 
the EGR valve is controlled. Therefore, even if an ab- 
normality occurs in the EGR apparatus, the detection of 
the abnormality is limited to the period when the engine 

5 is idling (i.e., limited to the idle range). EGR abnormality 
is not detected if the engine does not perform EGR in 
the idle range. Thus, the application of the abnormality 
detection apparatus is limited to an engine having an 
EGR apparatus that also performs EGR in the idle 

10 range. 

[0006] It is an object of the present invention to pro- 
vide an abnormality detection apparatus for an exhaust 
gas recirculation apparatus that is capable, regardless 
of the running state of the engine, of detecting an ab- 

15 normality in an exhaust gas recirculation apparatus 
when exhaust gas recirculation is being performed. 
[0007] To achieve the above object, the present in- 
vention provides a detection apparatus for detecting an 
abnormality in an exhaust gas recirculation apparatus. 

20 The exhaust gas recirculation apparatus includes an ex- 
haust gas recirculation passage that connects an intake 
passage to an exhaust passage downstream from a 
throttle valve in order to recirculate exhaust gas of an 
internal combustion engine to the intake passage, and 

25 an exhaust gas recirculation valve for altering a recircu- 
lation amount of the exhaust gas flowing through the ex- 
haust gas recirculation passage. The detection appara- 
tus includes an intake air amount detection apparatus 
for detecting an amount of intake air flowing through the 

30 intake passage, and a control apparatus for performing 
feedback control on the exhaust gas recirculation valve 
such that the intake air amount matches a target intake 
air amount that corresponds to a running state of the 
internal combustion engine. The control apparatus al- 

35 ters an opening degree of the throttle valve when a feed- 
back term of the feedback control is outside a predeter- 
mined range, and afterthe opening degree of the throttle 
valve has been altered by a predetermined amount, de- 
termines that the exhaust gas recirculation apparatus is 

40 abnormal when a change in the feedback term is less 
than or equal to a predetermined value. 
[0008] A further perspective of the present invention 
is a method for detecting an abnormality in an exhaust 
gas recirculation apparatus. The exhaust gas recircula- 

45 tion apparatus includes an exhaust gas recirculation 
passage that connects an intake passage to an exhaust 
v passage downstream from a throttle valve in order to 
recirculate exhaust gas from an internal combustion en- 
gine of a vehicle to the intake passage, and an exhaust 
so gas recirculation valve for altering a recirculation 
amount of exhaust gas flowing through the exhaust gas 
recirculation passage. The method includes detecting 
an amount of intake air flowing through the intake pas- 
sage, feedback controlling the exhaust gas recirculation 
55 valve such that the intake air amount matches a target 
intake air amount that corresponds to a running state of 
the internal combustion engine, altering an opening de- 
gree of the throttle valve when a feedback term of the 
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feedback control is outside a predetermined range at 
least when the vehicle is traveling normaliy, and deter- 
mining that the exhaust gas recirculation apparatus is 
abnormal when a change in the feedback term is less 
than or equal to a predetermined value after the opening 
degree of the throttle valve is altered. 
[0009] Other aspects and advantages of the present 
invention will become apparent from the following de- 
scription, taken in conjunction with the accompanying 
drawings, illustrating by way of example the principles 
of the invention. 

[0010] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 is a schematic view of an abnormality detec- 
tion apparatus for an EGR apparatus according to 
a preferred embodiment of the present invention; 
Figs. 2 and 3 are flow charts showing an abnormal- 
ity detection routine executed by the abnormality 
detection apparatus of Fig. 1 ; and 
Fig. 4 is a graph showing the relationship between 
a throttle opening degree coefficient and an intake 
air amount. 

[0011] An abnormality detection apparatus of an ex- 
haust gas recirculation apparatus according to a pre- 
ferred embodiment of the present invention will now be 
described with reference to the drawings. 
[0012] Fig. 1 shows a diesel engine 11 mounted in a 
vehicle and an exhaust gas recirculation (EGR) appa- 
ratus 32 provided in the engine 11 . The engine 11 has 
a cylinder head 1 2 and a cylinder block 1 4 having a plu- 
rality of cylinders 13. A piston 15 reciprocates in each 
cylinder 13. Each piston 15 is connected via a connect- 
ing rod 16 to an output shaft, or a crankshaft 17 of the 
engine 11 . The connecting rod 16 converts the recipro- 
cation of each piston 1 5 to the rotation of the crankshaft 
17. 

[0013] A combustion chamber 18 is defined in each 
cylinder 13. The combustion chamber 18 is connected 
to the intake passage 19 and the exhaust passage 20. 
Each cylinder 1 3 is provided with an intake valve 21 and 
an exhaust valve 22, which are arranged in the cylinder 
head 12. The intake valve 21 and the exhaust valve 22 
are reciprocated in cooperation with the crankshaft 1 7 
to open and close the combustion chamber 18. 
[0014] An air cleaner 23 and a throttle valve 24 are 
arranged in the intake passage 19. In the intake stroke, 
the exhaust valve 22 is closed and the piston 15 is low- 
ered while the intake valve 21 is opened. As a result, 
the pressure inside the combustion chamber 18 is re- 
duced to a value lower than the pressure of the ambient 
air (i.e., to a negative pressure), and air from outside the 
engine 11 is drawn into the combustion chamber 18 
through the intake passage 19. 



[001 5] The throttle valve 24 is rotatably supported in- 
side the intake passage 1 9 and is driven by an actuator 
25, such as a step motor. The amount of air that flows 
through the intake passage 19 (intake air amount) 
s changes in accordance with a throttle opening degree 
coefficient that corresponds to the rotation angle of the 
throttle valve 24. The throttle opening degree coefficient 
is minimum (i.e., 0%) when the cross-sectional area of 
the intake passage 19 opened by the throttle valve 24 
(opened area) is maximum, and maximum (i.e., 100%) 
when the opened area of the intake passage 1 9 is min- 
imum. 

[0016] A plurality of fuel injection valves 27, each of 
which injects fuel into an associated combustion cham- 
ber 1 8, are arranged on the cylinder head 1 2. Each fuel 
injection valve 27 has an electromagnetic valve (not 
shown). The electromagnetic valve controls the timing 
and amount of fuel injected into each combustion cham- 
ber 18 by associated fuel injection valve 27. Each fuel 
injection valve 27 is connected to a common pressure 
accumulation pipe, or common rail 28. When the elec- 
tromagnetic valve is open, fuel inside the common rail 
28 is injected from the fuel injection valve 27 into the 
corresponding combustion chamber 18. A supply pump 
30 applies a relatively high pressure, which corresponds 
to the fuel injection pressure, to the common rail 28. 
More specifically, the supply pump 30 is connected to 
the common rail 28 by a feed pipe 29. The supply pump 
30 draws in fuel from a fuel tank 31 , pressurizes the fuel 
with a plunger (not shown), which reciprocates in syn- 
chronization with the rotation of the crankshaft 1 7 of the 
engine 11 , and then sends the fuel to the common rail 
28. 

[0017] Each piston 15 compresses the intake air, 
which is drawn into the associated cylinder 13 via the 
intake passage 1 9, to a high temperature and high pres- 
sure. Fuel is then injected from the fuel injection valve 
27. The heat of the intake air ignites and burns the in- 
jected fuel. This produces combustion gas, which recip- 
rocates the piston 15, rotates the crankshaft 17, and 
generates power (output torque) of the engine 11 . The 
combustion gas is discharged to the exhaust passage 
20 as the exhaust valve 22 opens. 
[0016] The EGR apparatus 32 recirculates a portion 
of the exhaust gas inside the exhaust passage 20 to the 
intake passage 19. The EGR apparatus 32 mixes the 
exhaust gas (EGR gas) with the intake air, thus increas- 
ing the ratio of inert gas in the air-fuel mixture. As a re- 
sult, the maximum combustion temperature of the air- 
fuel mixture is lowered. This reduces the generation of 
air pollutants such as nitrogen oxide (NOx). 
[0019] The EGR apparatus 32 includes an EGR pas- 
sage 33 and an EGR valve 34. The EGR passage 33 
connects the exhaust passage 20 to a return position 
defined in the intake passage 1 9, which is downstream 
from the throttle valv 24. The EGR valve 34 is located 
at the return position or in the EGR passage 33. The 
EGR valve 34 has a valve element that moves to alter 
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the opening degree of the EGR passage 33. The flow 
velocity of the EGR gas in the EGR passage 33, or the 
EGR gas flow rate, changes in accordance with the 
opening degree of the EGR valve 34 (EGR opening de- 
gree coefficient). The EGR opening degree coefficient 
varies in accordance with the amount of movement of 
the valve element of the EGR valve 34. More specifical- 
ly, the EGR opening degree coefficient is minimum (0%) 
when the EGR valve 34 is in a fully closed state and 
increases as the valve opens. When the EGR valve 34 
is in a fully open state, the EGR opening degree coeffi- 
cient is maximum (100%). 

[0020] An air flow meter 35 for detecting the amount 
of intake air is located in the intake passage 19 down- 
stream from and near the air cleaner 23. A throttle po- 
sition sensor 36, which is attached the throttle valve 24, 
detects the rotation angle of the throttle valve 24, or the 
opening degree of the throttle valve 24 (the opening de- 
gree of the throttle valve 24 corresponds to the opened 
area of the intake passage 19). An intake air pressure 
sensor 37 located downstream from the throttle valve 
24 in the intake passage 1 9 detects the intake air pres- 
sure. An EGR opening degree sensor 38 provided in the 
EGR valve 34 detects the opening degree of the EGR 
valve 34. A water temperature sensor 39 provided in the 
cylinder block 1 4 detects the temperature of cooling wa- 
ter inside a water jacket 1 4a. A crank position sensor 40 
located in the vicinity of the crankshaft 17 outputs a 
pulse signal each time the crankshaft 17 rotates by a 
predetermined angle. The pulse signals are used to de- 
tect the number of revolutions per unit time of the crank- 
shaft 1 7, or to detect the engine speed. An accelerator 
opening degree sensor 41 is arranged in the vicinity of 
an accelerator pedal 26 to detect the amount the accel- 
erator pedal is depressed by the driver, or to detect the 
accelerator opening degree. The air flow meter 35, the 
throttle position sensor 36, the intake air pressure sen- 
sor 37, the EGR opening degree sensor 38, the water 
temperature sensor 39, the crank position sensor 40, 
and the accelerator opening degree sensor 41 detect 
the running state of the engine 11 . 
[0021] The sensors 35 to 41 send detection signals to 
an electronic control unit (ECU) 42. The ECU 42 is con- 
figured about a microcomputer. A central processing 
unit (CPU) performs calculations in accordance with a 
control map, initial data, and a control program stored 
in a read only memory (ROM) and controls the engine 
1 1 based on the calculation results. The calculation re- 
sults are temporarily stored in a random access memory 
(RAM). 

[0022] The controls performed for the engine 11 in- 
clude fuel injection control, throttle control, EGRcontrol, 
and abnormality detection control of the EGR apparatus 
32. 

[0023] For example, the fuel injection control deter- 
mines the amount of fuel injected from a fuel injection 
valve 27 and the timing for injecting the fuel. When de- 
termining the fuel injection amount, the ECU 42, for ex- 



ample, refers to a predetermined control map and cal- 
culates a basic fuel injection time, or a basic fuel injec- 
tion amount, which corresponds to the engine speed 
and accelerator opening degree. The ECU 42 corrects 

5 the basic fuel injection time based on the cooling water 
temperature and the intake air amount and determines 
the final fuel injection time. When determining the fuel 
injection timing, the ECU 42, for example, refers to a 
predetermined control map and calculates a basic fuel 

10 injection timing. The ECU 42 corrects the basic fuel in- 
jection timing based on the cooling water temperature 
and the intake air amount and determines the final fuel 
injection timing. The ECU 42 begins to energize the fuel 
injection valve 27 when an output signal from the crank 

15 position sensor 40 matches the fuel injection initiation 
timing. The ECU 42 stops energizing the fuel injection 
valve 27 when the fuel injection time elapses from the 
initiation timing. 

[0024] The throttle control, for example, calculates a 

20 target throttle opening degree coefficient corresponding 
to the engine revolution speed and the fuel injection 
amount. The ECU 42 drives the actuator 25 in accord- 
ance with the target throttle opening degree coefficient 
to match the actual throttle opening degree and the tar- 

25 get throttle opening degree. 

[0025] The EGR control determines whether condi- 
tions for execution of the EGR control are satisfied 
based on, for example, the engine speed, cooling water 
temperature, and accelerator opening degree. The EGR 

30 control execution conditions include, for example, the 
cooling water temperature being greater than or equal 
to a reference value, the engine 11 having been contin- 
uously run for a predetermined time after being started, 
and the amount of change in the accelerator opening 

35 degree being a positive value. If the EGR control exe- 
cution conditions are not satisfied, the ECU 42 holds the 
EGR valve 34 in a fully closed state. If, however, the 
execution conditions are satisfied, while referring to a 
predetermined control map, the ECU 42 calculates atar- 

40 get opening degree coefficient for the EGR valve 34 that 
corresponds to the engine speed and fuel injection 
amount. The ECU 42 drives the EGR valve 34 based on 
this target opening degree coefficient. 
[0026] The EGR control includes feedback control of 

45 the EGR opening degree using the intake air amount as 
a parameter. The feedback control is performed so that 
the actual intake air amount detected by the air flow me- 
ter 35 matches the target intake air amount correspond- 
ing to the running state of the engine 11 . More specif i- 

50 cally, the ECU 42 determines the final target EGR open- 
ing degree coefficient by adding the feedback (F/B) term 
to the target opening degree coefficient (base term) of 
the EGR valve 34. The ECU 42 controls the EGR valve 
34 based on the final target EGR opening degree coef- 

55 ficient. The F/B term absorbs the effects on the intake 
air amount resulting from irregularities in the EGR valve 
J34 and airflow meter 35 as well as clogging of the EGR 
passage 33, and usually has a value of -20% to +20%. 
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[0027] In the EGR control feedback, if the actual in- 
take air amount is less than the target intake air amount, 
the EGR valve 34 is closed by a predetermined amount. 
In this case, the EGR gas returning to the respective 
cylinders 13 decreases as the opened area of intake 
passage 19 is reduced. The amount of new gas drawn 
into each cylinder 1 3 increases by the same amount as 
the decrease in the EGR gas. 
[0028] If, however, the actual intake air amount is 
greater than the target intake air amount, the EGR valve 
34 is opened by a predetermined amount based on the 
EGR control feedback. In this case, the EGR gas return- 
ing to the respective cylinders 13 increases as the 
opened area of the intake passage 1 9 is increased. The 
amount of new gas taken into each cylinder 1 3 decreas- 
es by the same amount as the increase in the EGR gas. 
[0029] If it is necessary to increase the amount of 
EGR gas but the EGR valve 34 is already in a fully open 
state, the ECU 42 drives the actuator 25 to close the 
throttle valve 24 by a predetermined amount. In this 
case, because the intake air pressure decreases in the 
intake passage 19 at positions downstream from the 
throttle valve 24, the amount of EGR gas drawn into the 
intake passage 1 9 from the EGR passage 33 relatively 
increases. 

[0030] The abnormality detection control of the EGR 
apparatus 32 will now be described. The ECU 42 de- 
tects abnormalities in the EGR apparatus 32 by execut- 
ing the abnormality detection routine shown in Figs. 2 
and 3. The abnormality detection routine is executed re- 
peatedly at predetermined intervals. In the abnormality 
detection routine, an abnormality in the EGR apparatus 
32 is detected by examining changes in the F/B term in 
the feedback control of the EGR control. For example, 
if the throttle valve 24 is partly closed and the opening 
area of the intake passage 19 is reduced irrespectively 
of the running state of the engine 11, the actual intake 
air amount becomes less than the target intake air 
amount. At this time, the F/B term decreases so as to 
reduce the difference in the intake air amount. In con- 
trast, if, for example, the throttle valve 24 is partly 
opened and the opened area of the intake passage 1 9 
increases, the actual air intake amount becomes greater 
than the target intake air amount. At this time, the F/B 
term increases so as to absorb the difference in the in- 
take air amount. The ECU 42 uses these changes in the 
F/B term to detect an abnormality in the EGR apparatus. 
[0031] The abnormality detection routine will now be 
described in detail. Firstly, in step S110, the ECU 42 de- 
termines whether the control of the throttle valve 24 is 
proceeding normally. In step S110, the ECU 42 also de- 
termines whether the running state of the engine 11 
meets the conditions for executing EGR control. When 
the control of the throttle valve 24 is proceeding normally 
and the running state of the engine 11 does meet the 
conditions for executing EGR control, the ECU 42 pro- 
ceeds to step S120. In all other cases, the abnormality 
detection routine is ended. 



[0032] In steps S120 and S130, the ECU 42 deter- 
mines whether the F/B term is outside a pr determined 
range. The predetermined range is stored in the ROM 
and is greater than the normal range of the F/B term (i. 

5 e., -20% to +20%), for example, -50% to +50%. The up- 
per limit value (+50%) and the lower limit value (-50%) 
of the predetermined range are values that the F/B term 
is not expected to reach even considering irregularities 
in the parts forming the EGR apparatus or in the envi- 

10 ronmental conditions. In other words, the predetermined 
range is set greater than a range containing the F/B term 
when the exhaust gas recirculation valve is normal. 
[0033] In step S120, the ECU 42 determines whether 
the F/B term is greater than or equal to the upper limit 

15 value of the predetermined range. In step S130, the 
ECU 42 determines whether the F/B term is greater than 
or equal to the lower limit value of the predetermined 
range. If the result of the determination is NO in both 
step S120 and step S130, then, in step S140, an offset 

20 term, a high F/B continuous counter, and a low F/B con- 
tinuous counter are initialized. 
[0034] The offset term is used in a processing routine 
to forcibly alter the opening degree of the EGR valve 34 
in order to detect an abnormality on the EGR apparatus 

25 32. More specifically, the offset term is added to the base 
term (i.e., the target throttle opening degree coefficient) 
to update the target throttle opening degree coefficient. 
In step S140, the offset term is set to 0%. The high F/B 
continuous counter is the continuous time of the period 

30 when the F/B term is greater than or equal to the upper 
limit value. The low F/B continuous counter is the con- 
tinuous time of the period when the F/B term is less than 
or equal to the lower limit value, in step S140, the high 
F/B continuous counter and the low F/B continuous 

35 counter are set to zero. 

[0035] After the processing of step S140, in step 
S150, the ECU 42 updates the target throttle opening 
degree coefficient and ends the abnormality detection 
routine. The target throttle opening degree coefficient is 

40 updated by adding the offset term to the base term (the 
target throttle opening degree coefficient). The updated 
target throttle opening degree coefficient is used as a 
target value for throttle control in a separate routine (not 
shown). Namely, the ECU 42 drives the actuator 25 in 

45 accordance with the updated target throttle opening de- 
gree coefficient such that the actual throttle opening de- 
gree matches the target throttle opening degree. 
[0036] If, however, the result of the determination in 
step S120 is YES, in step S1 60, the ECU 42 increments 

so the high F/B continuous counter. In step S1 70, the ECU 
42 determines whether the value of the high F/B contin- 
uous counter is greater than or equal to a first continu- 
ous determination value. The first continuous determi- 
nation value is equivalent to 1 0 seconds, for example. 

55 |f the result of the determination in step S1 70 is NO, the 
ECU 42 shifts to step S150. 

[0037] If the period in which the F/B term is greater 
than or quat to the upper limit value continues for the 
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first continuous determination value (i.e., 10 seconds), 
there is a high possibility that an abnormality has oc- 
curred in the EGR apparatus 32. Therefore, when the 
result of the determination in step S170 is YES, in step 
S1 80, the ECU 42 adds a predetermined addition value 
a to the offset term and updates the offset term. By in- 
creasing the offset term in step S1 80, the target throttle 
opening degree coefficient is set to a greater value in 
step S150, and the throttle valve 24 is closed by a pre- 
determined amount. 

[0038] The amount of alteration per unit time in the 
throttle opening degree coefficient is decided by the ex- 
ecution cycle of the abnormality detection routine and 
the addition value a. More specifically, the greater the 
addition value a, the greater the closure amount per unit 
time of the throttle valve 24. This will now be described 
with reference to Fig. 4. The graph in Fig. 4 shows the 
relationship between the intake air amount and the throt- 
tle opening degree coefficient together with the opening 
degree of the intake passage 19. The opening degree 
of the intake passage 19 is taken as A. If the throttle 
valve 24 is closed by the alteration amount a1 from the 
opening degree A, the intake air amount changes by the 
change amount b1 . If, however, the throttle valve 24 is 
opened by the alteration amount a2 from the opening 
degree A, the intake air amount changes by the change 
amount b2. Clearly, the change amount b1 is greater 
than the change amount b2. In this way, the effect that 
the drive of the throttle valve 24 has on the change in 
the intake air amount differs in accordance with the drive 
direction (i.e., towards the opening side or towards the 
closing side) of the throttle valve 24. Consequently, if 
the drive amount per unit time of the throttle valve 24 is 
substantially uniform irrespectively of the drive direction, 
the intake air amount may change abruptly when the 
throttle valve 24 closes and abruptly change the output 
torque of the engine 11. 

[0039] In the preferred embodiment, after considering 
the relationship between the throttle opening degree co- 
efficient and the intake air amount, the addition value a 
for driving the throttle valve 24 towards the closing side 
is set to a relatively small value, for example, 1%. As a 
result, the intake air amount and the output torque from 
the engine 11 are prevented from changing abruptly. 
[0040] Next, in step S190, the ECU 42 determines 
whether the offset term in step S1 80 is greater than or 
equal to the first alteration determination value. The first 
alteration determination value is read, for example, from 
a first control map (not shown) stored in ROM. The first 
control map indicates alteration determination values 
determined based on the engine speed and the fuel in- 
jection amount. The ECU 42 reads an alteration deter- 
mination value corresponding to the engine speed and 
fuel injection amount from the first control map to set the 
first alteration determination value. 
[0041] If the result of the determination in step S190 
is NO, the ECU 42 proceeds to step S150. If the result 
of the determination in step S190 is YES, the ECU 42 
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proceeds to step S150 after performing step S200. 
[0042] In step S200, the ECU 42 determines whether 
the EGR apparatus 32 is abnormal. Namely, if the in- 
creased offset term is greater than or equal to the first 

5 alteration determination value, the EGR apparatus 32 is 
determined to be abnormal. In other words, as long as 
the increased offset term is smaller than the first altera- 
tion determination value, the EGR apparatus 32 is not 
determined to be abnormal. 

10 [0043] Thus, in the preferred embodiment, if the F/B 
term is greater than or equal to the upper limit value of 
a predetermined range, it is determined that there is a 
high possibility of the EGR control being abnormal. By 
increasing the offset term, the ECU 42 drives the throttle 

15 valve 24 towards the closing side irrespectively of the 
engine running state. As a result, the difference between 
the actual intake air amount and the target intake air 
amount increases. At this time, if the EGR opening angle 
is temporarily controlled normally, the F/B term that 

20 should absorb this difference is reduced. The throttle 
valve 24 is partially closed and the F/B term should be- 
come smaller than the upper limit value and fall within 
the predetermined range. If the F/B term nevertheless 
remains above the upper limit value, then it is consid- 

25 ered that an abnormality is present in the EGR appara- 
tus 32. Therefore, if the increased offset term is greater 
than or equal to the first alteration determination value 
as well as the F/B term being greater than or equal to 
the upper limit value of a predetermined range, the EGR 

30 apparatus 32 is determined to be abnormal. 

[0044] If, however, the result of the determination in 
step S130 is YES, the ECU 42 increments the low F/B 
continuous counter in step S21 0. In step S220, the ECU 
42 determines whether the value of the low F/B contin- 

35 uous counter is greater than or equal to a second con- 
tinuous determination value. The second continuous 
determination value may be the same as or different 
from the first continuous determination value. If the re- 
sult of the determination in step S220 is NO, the ECU 

40 42 shifts to step S1 50. 

[0045] If, however, the result of the determination in 
step S220 is YES, then, in step S230, the ECU 42 sub- 
tracts a predetermined subtraction value j} from the off- 
set term and updates the offset term. By subtracting the 

45 offset term, the target throttle opening degree coefficient 
of step S150 is reduced and the opened area of the in- 
take passage 19 is increased 

[0046] The larger the subtraction value p, the greater 
the opening amount per unit time of the throttle valve 

so 24. In consideration of the relationship between the in- 
take air amount and the throttle opening degree coeffi- 
cient shown in Fig. 4, the subtraction value |J is set to a 
larger value than the addition value a, for example, 5%. 
As a result, the amount of change in the intake air 

55 amount is approximately the same regardless of the 
drive direction of the throttle valve 24. 
[0047] In step S240, the ECU 42 determines whether 
the updated offset term is less than or equal to a second 
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alteration determination value. The second alteration 
determination value is read, for exampl , from a second 
control map (not shown) stored in ROM. The second 
control map indicates alteration determination values 
determined based on the engine speed and the fuel in- 5 
jection amount. The alteration determination values in 
the second control map are different from those in the 
first control map. The ECU 42 reads an alteration deter- 
mination value from the second control map and sets 
this as the second alteration determination value. 10 
[0048] If the result of the determination in step S240 
is NO, the ECU 42 proceeds to step S150. If the result 
of the determination in step S240 is YES, the ECU 42 
proceeds to step S250. In step S250, the ECU 42 de- 
termines that an abnormality has occurred in the EGR *s 
apparatus 32. This abnormality includes the EGR valve 
34 being stuck in an open state or having a movement' 
problem. In this way, an abnormality is determined at 
the point when the subtracted offset term falls to greater 
than or equal to the second alteration determination val- 20 
ue. In other words, as long as the subtracted offset term 
remains above the second alteration determination val- 
ue, no abnormality is determined. 
[0049] In the preferred embodiment, if the F/B term is 
less than or equal to the lower limit value of a predeter- 25 
mined range, it is determined that there is a high possi- 
bility of the EGR opening degree being abnormal. By 
reducing the offset term, the ECU 42 drives the throttle 
valve 24 towards the opening side irrespectively of the 
engine running state. As a result of this control, the dif- 30 
ference between the actual intake air amount and the 
target intake air amount increases. If the EGR opening 
degree is temporarily controlled normally, the F/B term 
that should absorb this difference is increased. The 
throttle valve 24 is partially opened and the F/B term 35 
should become greater than the lower limit value and 
fall within the predetermined range. If the F/B term nev- 
ertheless remains below the upper limit value, then it is 
considered that an abnormality is present in the EGR 
apparatus 32. Therefore, if the reduced offset term is *o 
less than or equal to the second alteration determination 
value as well as the F/B term being less than or equal 
to the lower limit value, the EGR apparatus 32 is deter- 
mined to be abnormal. 

[0050] In step S250, the ECU 42 determines that the 
abnormality in the EGR apparatus 32 is due to a problem 
occurring with the EGR valve 34 in an opened state. This 
is because the F/B term remains less than or equal to 
the lower limit value even when the throttle valve 24 is 
driven towards the opening side by a predetermined so 
amount since the EGR amount remains in an excessive 
state and does not decrease. Such phenomenon occurs 
only when the EGR valve 34 remains opened, such as 
when it is stuck or when it cannot move. 
[0051] The preferred embodiment has the following ss 
advantages. 

(1) If the F/B term is outside a predetermined range 



that is greater than the normal range, there is a 
strong possibility that the EGR control is abnormal. 
In this case, the ECU 42 forcibly drives the throttle 
valve 24 and examines the change in the F/B term. 
If the amount of change in the F/B term is less than 
or equal to a predetermined value in spite of the 
throttle opening degree being altered, the ECU 42 
determines that the EGR apparatus 32 is abnormal. 
Therefore, the abnormality in the EGR apparatus 
32 is quickly detected. 

(2) Feedback control of the EGR opening degree is 
performed when the running state of the engine 11 
is in the range in which EGR control is performed. 
Therefore, an abnormality in the EGR apparatus 32 
can be detected at any time while the engine 11 is 
in a running state in which EGR is executed. Ac- 
cordingly, unlike the conventional technology, the 
abnormality detection apparatus can be applied to 
a type of EGR apparatus that does not perform EGR 
in the idle range. 

(3) When the F/B term is inside the F/B range, the 
EGR opening degree is not forcibly altered in order 
to detect an abnormality. Therefore, the EGR open- 
ing degree is not altered when the possibility of the 
EGR apparatus 32 being abnormal is not particu- 
larly strong, thereby preventing the intake air 
amount from being changed unnecessarily. 

(4) Because the throttle opening degree is altered 
in order to detect an abnormality, the intake air 
amount changes and the combustion state of the 
engine 1 1 changes. As a result, there is a concern 
that a change will occur in the combustion noise and 
in the output torque (minute shocks). Therefore, for 
example, by performing abnormality detection while 
a vehicle is traveling, changes in the combustion 
noise and shocks that accompany the driving of the 
throttle valve 24 go unnoticed by a vehicle occu- 
pant. This is because, while a vehicle is traveling, 
the effect on the generated torque of the pumping 
loss that accompanies a change in the throttle 
opening degree is small, and because the running 
noise prevents the combustion noise from being 
heard. Accordingly, the preferred embodiment is su- 
perior in comparison with the conventional technol- 
ogy in which abnormality detection is only per- 
formed while an engine is idling. 

(5) The offset term is gradually increased (in step 
S180) by a relatively small (e.g., 1%) addition value 
a. Therefore, even if the throttle valve 24 is driven 
towards the closing side, abrupt changes in the in- 
take air amount are suppressed. In addition, abrupt 
changes in the combustion state of the engine 11, 
namely, abrupt changes (i.e., shocks) in the output 
torque are suppressed. As a result, a vehicle occu- 
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pant experiences no deterioration in the drivability 
of a vehicle. 

(6) The subtraction value p is greater than the ad- 
dition value a. Accordingly, the alteration amount 
per unit time in the offset term when the throttle 
valve 24 is driven to the opening side is relatively 
large. The throttle valve 24 is thus driven by a great- 
er amount when opened than when closed. There- 
fore, although the relationship between the throttle 
opening degree coefficient and the intake air 
amount is as shown in Fig. 4, the amount of change 
in the intake air amount and the change in the state 
of combustion is kept substantially constant regard- 
less of the direction in which the throttle valve 24 is 
driven. 

(7) The first alteration determination value and the 
second alteration determination value differ in ac- 
cordance with the engine speed and the fuel injec- 
tion amount. Therefore, even if the characteristics 
of the intake air amount shown in Fig. 4 change in 
accordance with the running state of the engine, the 
first and second alteration determination values are 
set to the optimum values. 

(8) The first and second control maps are prepared 
in advance. The first and second control maps re- 
spectively indicate the first and second alteration 
determination values, each of which are determined 
based on the engine speed and fuel injection 
amount. An alteration determination value is read 
from a control map that is selected in accordance 
with the engine speed and fuel injection amount. 
The read alteration determination value is then 
compared with the offset term. Namely, even if the 
characteristics of the intake air amount relative to 
the throttle opening degree are different for each 
running state of the engine, a control map is select- 
ed that corresponds to the engine running state. In 
addition, the optimum alteration determination val- 
ue is set regardless of the drive direction of the throt- 
tle valve 24. 

(9) If the F/Bterm does not remain less than or equal 
to the lower limit value of a predetermined range 
even when the throttle valve 24 is driven by a pre- 
determined amount towards the opening side, then 
it is determined that the EGR apparatus 32 is ab- 
normal due to a malfunction when the EGR valve 
34 is opened. Accordingly, because the cause of the 
abnormality is specified, processing to resolve the 
abnormality is simplified. 

(10) The continuous time that the F/Bterm remains 
greater than or equal to the upper limit value of a 
predetermined range is measured by a high F/B 
continuous counter. In addition, the continuous time 



that the F/B term remains less than or equal to the 
lower limit value of a predetermined range is meas- 
ured by a low F/B continuous counter. If the value 
of each counter exceeds a predetermined value, 
5 the throttle opening degree is altered. Therefore, 
the throttle opening angle is prevented from being 
altered forcibly if the F/B counter is outside the pre- 
determined range for only a relatively short time. 

10 (11) Because existing sensors 35 to 41 are used for 
detecting an abnormality in the EGR apparatus 32, 
there is no need for additional sensors to detect an 
abnormality. 

15 (1 2) The change in the F/B term after the alteration 
of the throttle opening angle is determined using the 
upper limit value and the lower limit value of the pre- 
determined range before the alteration of the throt- 
tle opening angle. Therefore, the abnormality de- 

20 tection routine is simplified compared with when 
other values are used. 

[0052] The present invention may be altered in the fol- 
lowing ways. 

25 

(a) In the preferred embodiment, the first alteration 
determination value and the second alteration de- 
termination value varies in accordance with the en- 
gine speed and fuel injection amount. However, at 

30 least one of the alteration determination values may 
be a fixed value. 

(b) The abnormality detection apparatus of the 
present invention may also be used in an engine 

35 other than a diesel engine. For example, the abnor- 
mality detection apparatus of the present invention 
may be used in any type of engine provided that the 
engine is equipped with an EGR apparatus 32 and 
performs feedback control of the EGR opening de- 

40 gree such that the intake air amount matches a tar- 
get value. 

(c) Instead of the first and second control maps, a 
predetermined calculation formula may be used to 

45 calculate the first and second alteration determina- 
tion values. 

(d) In the preferred embodiment, the EGR appara- 
tus 32 is determined to be abnormal if the F/B term 

so remains outside a predetermined range even when 
the throttle opening angle is altered. However, the 
EGR apparatus 32 may be determined to be abnor- 
mal if the amount of change of the F/B term is less 
than or equal to a predetermined value (including 

55 cases when the F/B term does not change). 

[0053] The present examples and embodiments are 
to be considered as illustrative and not restrictive, and 
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the invention is not to be limited to the details given here- 
in, but may be modified within the scope and equiva- 
lence of the appended claims. 

[0054] An apparatus for detecting abnormality of an 
EGR apparatus. An ECU 42 feedback controls the 
opening degree of an EGR valve 34 such that an actual 
intake air amount matches a target intake air amount 
that corresponds to the running state of an engine 11. 
When a feedback term of the feedback control is outside 
a relatively widely range, the ECU 42 alters the opening 
degree of a throttle valve 24 in order to check for an 
abnormality in an EGR apparatus 32. If the amount of 
change of the feedback term is less than or equal to a 
predetermined value after the alteration of the opening 
degree of the throttle valve 24, the ECU 42 determines 
that the EGR apparatus 32 is abnormal. 



Claims 

1 . A detection apparatus for detecting an abnormality 
in an exhaust gas recirculation apparatus including 
an exhaust gas recirculation passage (33) that con- 
nects an intake passage (19) to an exhaust pas- 
sage (20) downstream from a throttle valve (24) in 
order to recirculate exhaust gas of an internal com- 
bustion engine (11) to the intake passage, and an 
exhaust gas recirculation valve (34) for altering a 
recirculation amount of the exhaust gas flowing 
through the exhaust gas recirculation passage, the 
detection apparatus including an intake air amount 
detection apparatus (35) for detecting an amount of 
intake air flowing through the intake passage, and 
a control apparatus (42) for performing feedback 
control on the exhaust gas recirculation valve such 
that the intake air amount matches a target intake 
air amount that corresponds to a running state of 
the internal combustion engine, the abnormality de- 
tection apparatus characterized In that: 

the control apparatus alters an opening degree 
of the throttle valve when a feedback term of 
the feedback control is outside a predetermined 
range, and after the opening degree of the 
throttle valve has been altered by a predeter- 
mined amount, determines that the exhaust 
gas recirculation apparatus is abnormal when 
a change in the feedback term is less than or 
equal to a predetermined value. 

2. The abnormality detection apparatus according to 
claim 1 , characterized In that the control appara- 
tus: 

reduces the opening degree of the throttle valve 
by a first predetermined amount when the feed- 
back term is greater than or equal to an upper 
limit value of the predetermined range; 



increases the opening degree of the throttle 
valve by a second predetermined amount when 
the feedback term is less than or equal to a low- 
er limit value of the predetermined range; 

s determines that the exhaust gas recirculation 

apparatus is abnormal when the opening de- 
gree of the throttle valve is equal to or greater 
than a first alteration determination value and 
a change in the feedback term is less than or 

10 equal to a predetermined value; and 

determines that the exhaust gas recirculation 
apparatus is abnormal when the opening de- 
gree of the throttle valve is less than or equal 
to a second alteration determination value and 

15 a change in the feedback term is less than or 

equal to the predetermined value. 

3. The abnormality detection apparatus according to 
claim 2, characterized in that the throttle valve is 

20 rotatably supported inside the intake passage, and 
the second predetermined amount is greater than 
the first predetermined amount. 

4. The abnormality detection according to claim 2, 
25 characterized in that the throttle valve is rotatably 

supported inside the intake passage, and at least 
one of the first alteration determination value and 
the second alteration determination value varies in 
accordance with a revolution speed and fuel injec- 
30 tion amount of the internal combustion engine. 

5. The abnormality detection apparatus according to 
claim 4, characterized in that the control appara- 
tus includes: 

35 

a first memory device for storing first alteration 
determination values, each of which is based 
on a revolution speed and fuel injection amount 
of the internal combustion engine; 

40 a first determination value setting device for 

reading from the first memory device an alter- 
ation determination value corresponding to the 
revolution speed and fuel injection amount of 
the internal combustion engine and setting this 

45 first alteration determination value as the first 

alteration determination value when the open- 
ing degree of the throttle valve is decreased; 
a second memory device for storing second al- 
teration determination values, each of which is 

50 based on a revolution speed and fuel injection 

amount of the internal combustion engine; and 
a second determination value setting device for 
reading from the second memory device a sec- 
ond alteration determination value correspond- 

55 ing to the revolution speed and fuel injection 

amount of the internal combustion engine and 
setting this second alteration determination val- 
ue as the second alteration determination value 
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when the opening degree of the throttle valve 
is increased. 

6. The abnormality detection apparatus according to 
any of claims 1 to 5, characterized in that the con- 
trol apparatus determines that a malfunction has 
occurred with the exhaust gas recirculation valve in 
an opened state when the amount of change in the 
feedback term is less than or equal to a predeter- 
mined value after the opening degree of the throttle 
valve has been increased by the predetermined 
amount. 

7. The abnormality detection apparatus according to 
any of claims 1 to 6, characterized in that the con- 
trol apparatus measures the continuous time the 
feedback term is outside the predetermined range 
and alters the opening angle of the throttle valve 
when the continuous time is equal to or greater than 
a predetermined value. 

8. The abnormality detection apparatus according to 
claim 1 , characterized in that the control appara- 
tus determines that the exhaust gas recirculation 
apparatus is abnormal when the feedback term is 
outside the predetermined range after the opening 
degree of the throttle valve has been altered by a 
predetermined amount. 

9. The abnormality detection apparatus according to 
claim 1, characterized in that the predetermined 
range is set greater than a range containing the 
feedback term when the exhaust gas recirculation 
valve is normal. 

10. The abnormality detection apparatus according to 
claim 1 , characterized in that the internal combus- 
tion engine is a vehicle engine, the exhaust gas re- 
circulation apparatus recirculates the exhaust gas 
to the intake passage at least when the engine is 
idling, and the detection apparatus alters an open- 
ing degree of the throttle valve at least when the 
vehicle is traveling normally. 

1 1 . A method for detecting an abnormality in an exhaust 
gas recirculation apparatus including an exhaust 
gas recirculation passage (33) that connects an in- 
take passage (19) to an exhaust passage (20) 
downstream from a throttle valve (24) in order to re- 
circulate exhaust gas from an internal combustion 
engine (11) of a vehicle to the intake passage, and 
an exhaust gas recirculation valve (34) for altering 
a recirculation amount of exhaust gas flowing 
through the exhaust gas recirculation passage, the 
method being characterized by: 

detecting an amount of intake air flowing 
through the intake passage; 
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feedback controlling the exhaust gas recircula- 
tion valve such that the intake air amount 
matches a target intake air amount that corre- 
sponds to a running state of the internal com- 
bustion engine; 

altering an opening degree of the throttle valve 
when a feedback term of the feedback control 
is outside a predetermined range at least when 
the vehicle is traveling normally; and 
determining that the exhaust gas recirculation 
apparatus is abnormal when a change in the 
feedback term is less than or equal to a prede- 
termined value after the opening degree of the 
throttle valve is altered. 

12. The method according to claim 11, characterized 
in that the altering of the opening degree of the 
throttle valve includes decreasing the opening de- 
gree of the throttle valve by a first predetermined 
amount when the feedback term is greater than or 
equal to an upper limit value of the predetermined 
range, and increasing the opening degree of the 
throttle valve by a second predetermined amount if 
the feedback term is less than or equal to a lower 
limit value of the predetermined range. 

13. The method according to claim 12, wherein the sec- 
ond predetermined value is greater than the first 
predetermined value. 
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